INTRODUCTION
The goldband snapper Pristipomoides multidens (Day) is widely distnbuted throughout the tropical Indo-Pacific Ocean region from Samoa in the Central Pacific to the Red Sea in the western Indian Ocean and from southern Japan south to Australia (Allen 1985) . Goldband snapper inhabit hard bottom areas and areas of vertical reiief and large epibenthos from depths of 60 to at least 200 m and are concentrated in depths from 80 to 150 m (Ailen 1985, S.J.N. unpubl. data) .
In north-western Austraiia, goldband snapper are a cornrnercially important species from the Exrnouth area (23" 30's) northwards to the Gulf of Carpentana (Kailola et al; 1993, S.J.N. unpubl. data) . Fishenes for goldband snapper are presently managed across north-western Australia by 2 state-based fishery management agencies which have separate management arrangements, with regional segregation of the bottomfish fishenes. Both states, Western Australia and Northern Terntory, support highly valuable mixed gear cornmercial fishenes for goldband snapper and there-fore the identity of individual component stocks is important.
Current management arrangements make no allowance for migratory fish or overlapping stocks across either state or intra-state fishery boundanes. Furthermore, foreign (Indonesian) fishing grounds lie adjacent to the territorial waters of north-western Australia. Consequently, there is a need to identify stocks within these areas in order to assess the impacts of fishing in each area should competitive fishing practices develop. Therefore, it is important to determine whether post-juvenile populations of goldband snapper remain discrete and independent or whether there is evidence of mixing of adult fish among different locations. In this Paper, a fish 'stock' refers specifically to post-juvenile fish populations that remain discrete and non-mixing (i.e. independent) ana tnereiore comprise a management unit capable of independent exploitation.
A range of methods have been developed to deduce stock structure (e.g. Ihssen et al. 1981 , Pawson & Jennings 1996 and include analysis of the elemental and stable isotopic composition of teleost otoliths (e.g. Campana et al. 1994 , Edmonds et al. 1991 , 1995 , Kalish et al. 1996 , Edmonds & Fletcher 1997 . Measurement of the stable isotope ratios of oxygen and carbon in the sagittal carbonate involves the analysis of the main structural constituent of the otoiiths and avoids possible biases associated with determination of trace elements (e.g. sample contamination). As the whole otolith is used in the analysis, its isotopic signature represents the entire ontogenetic history and has the potential to reflect the home range of each individual fish.
Previous studies have examined the relationship between the isotopic composition of teleost otolith carbonate and environmental variables. The 180/160 ratio in sagittal carbonate is deposited close to oxygen isotopic equilibrium with the surrounding water (Kalish 1991a ,b, Iacumin et al. 1992 , Thorrold et al. 1997 . Edmonds & Fletcher (1997) showed that differences in sea surface temperature provided the basis for different oxygen isotope signatures in the otolith carbonate of the pilchard Sardinops sagax from southwestern Australia and hence demonstrated separation of stocks of adult fish. Variation in the water temperatures to which groups of fish are exposed (as measured by sea surface temperatures) is therefore likely to provide the basis for any differences in oxygen isotopic signatures.
Stable carbon isotope ratios (13C/12C) in sagittal otolith carbonate are not deposited in equilibrium with the surrounding water (Mulcahy et al. 1979 , Kalish 1991b . Thorrold et al. (1997) demonstrated that metabolic effects apparently generate large isotopic disequilibria in 613C values, Recent studies suggest that variation in 613C may result from changes in metaboiic rate as fish mature, as well as changes driven by the environrnent and/or long-term changes in the behaviour of the fish such as dietary shifts which may be associated with changes in habitat or nutrient sources as fish age (Schwarcz et al. 1998) . However, there is still uncertainty in defining all the factors which govern the stable carbon isotope composition of sagittal carbonate.
The delineation of stock structure from analysis of the stable isotopic composition of teleost otoliths assumes that geographically distinct stocks possess a characteristic isotopic signature that reflects the isotopic composition of the water body in which thefish is resident. However, as discussed in earlier works (Edmonds & Fletcher 1997 , Edmonds et al. 1999 , knowiecige oi ihe causai mechanisms responsibie ioi the stable isotopic composition of teleost otolith carbonate is not necessary for any measured differences to delineate stock structure.
Given the philopatric nature of demersal reef fish, the objective of this study was to determine if a multistock complex of goldband snapper was present across northern and western Australia. lf so, then a measurable difference in the oxygen isotope ratios in otoliths from different locations would be expected, because of the variation in sea surface temperatures across northwestern Australia. This study was also designed to determine whether any spatial differences in isotopic signatures of the sagittal carbonate were persistent through time. If spatial differences were found to be consistent through time, it would suggest the populations comprise separate management units capable of independent exploitation for fishery management purposes.
MATERIALS AND METHODS
Sampling design. Otoliths were collected from 6 locations in north-western Australia ( Fig. 1 ): 4 in Western Australia (Exrnouth, Rankin Bank, Broome, Vulcan Shoals); and 2 in the Northern Territory (Timor Sea, Arafura Sea). Additional samples were also taken opportunistically from Kupang, Indonesia, and Pommern Bay in northern Papua New Guinea (Fig. 1 ). Samples were collected on 2 separate occasions a minimum of 6 mo apart from each region. Otoiiths were collected from approximately 40 fish (20 females and 20 males) from each sample site on each occasion (Table 1) .
Otolith removal and preparation. Sagittae were removed by opening the otic bulla from under the operculurn. They were washed in freshwater, allowed to dry and stored in envelopes prior to processing. One sagitta from each fish was selected at random and cleaned by scrubbing with a nylon brush under high punty (Miili-Q) water, air dned (50°C) and powdered in an agate mortar and pestle. Powdered sagittae were deproteinated by treatment with hydrogen peroxide and analysed for '80/1% and 13C/12C ratios by standard mass spectrometric techniques (CSIRO Division of Water ~esources, Perth) after the carbonate was decomposed to CO2 with 100% phosphoric acid. Values are reported in standard 6 notation relative to the PDB-1 standard (Epstein et al. 1953) . Statistical analysis. Analysis of covariance (AN-COVA) of the stable isotope values of 6180 and 613C were undertaken using otolith weight as a covariate. The 2 factors in the analysis were location and sampling date. The 2 sampling occasions were compared regardless of when they were sampled at each different locality. Thus, location and sampling date were treated as fixed and orthogonal factors in the analysis. Otolith weight is considered to be a proxy for age and therefore was used as a covanate in anaiyses to adjust treatment means and control error variance across the age range of fish sampled. Type I11 Sums of Squares were used to test the hypothesis of differentes in population means. A posteriori multiple comparison of means (a = 0.05) was conducted using Tukey's honestly significant differente (HSD) method (Day & Quinn 1989) . Initial analyses were carried out on all the data collected with the exception of those from Papua New Guinea, due to the small sample size from that location. In order to remove any confounding effects likely to be associated with a bias of young or old fish sampled at a particular location, to improve homogeneity and normality and to make treatment effects additive, a subsequent analysis was undertaken on data from each location with a similar otolith weight range and presumably age distribution. The otolith weight range selected was from 350 to 650 mg. AnalySes were carried out in the Same manner as described above.
An overall mean 6180 value was calculated for each location and plotted against the mean annual sea surface temperature for the 10 yr penod from 1989 to 1998 for each location. The annual sea surface temperature (SST) for the years 1989 to 1998 was the average of the 12 monthly means in each of the 10 years and was obtained by the method descnbed by Reynolds & Smith (1994 (Fig. 2) . Plots of the relationship between 6180 and 613C values against otolith weight (Figs. 3 & 4) also showed location groupings.
ANCOVA of the 6180 values from all the fish samples (except PNG) showed that the location effect was significant ( 
have varied along the coast of Timor, resulting in the (the location codes are defined in Table 1 under each significant interaction effect. location, > indicates significantly greater differences, = ANCOVA of the 6180 values from all fish in the indicates no significant differences). Location differselected otolith weight range showed that the location ences alone account for a very high proportion of the effect was highly significant ( Table 3 , Fig. 6 ). Tukey's variability in the 6180 values, accounting for 66 % of (HSD) results indicated the following: EX > (RB = KU) the sum of squares. Otolith weight and the location X > BR > VS > TS > AS. This time location differences The observed Pattern of vanation in oxygen isotope ratios supported the hypothesis that differences in oxygen isotope values among locations could be explained by the relative differences in water temperature (which are dependent upon latitude) across northern Australia, with the lowest oxygen isotope values, indicating the highest mean water temperatures, being found in fish from the Vulcan Shoals, Timor Sea and Arafura Sea (see. Fig. 7) . Conversely, the highest oxygen isotope values, indicating the lowest mean water temperatures, were found in fish from Exmouth (Fig. 7) . Hence, ihe rekiiiuiiship betweeii sea cüi-face temperature and 6180 values was linear (Fig. 7) .
The 6180 values represent a mean value integrated over the entire ontogenetic life history of each individual fish, which may range in age from 3 to possibly 30 yr (S.J.N. unpubl. data). Oxygen isotope signatures for all locations were significantly different and reflected different environmental conditions, indicating that the adult fish had remained resident in places that offered different temperature regimes. If the adult fish were mixing among locations then isotopic signatures amongst locations would be similar, as was the case for tailor Pomatomus saltatrix in mid-western Australia, (Edrnonds e r d . 1999). Adult goldband snapper populations are spatiaily distinct and non-rnixing and can be considered as independent management units or stocks for the purposes of fishenes management.
The 6180 and 613C values obtained from the sagittal carbonate of goldband snapper collected from PNG were more variable than those collected from other locations. This variability alone is indicative of the temperature alone (Fig. 7) . This suggested that the fish (captured from 100 to 200 water depth) were resident in colder band snapper sampled were more attributable to otolith weight than location of capture. However, when the otolith weight range was restricted, variation in 613c values of the goldband snapper were more attributable to location of capture than to otolith weight. This result is consistent with the hypothesis of Kalish (1991b) that 613C values are dependent to a large degree on metabolic rate, with higher rates resulting in greater depletion of otolith 6I3C. Hence, 
Fishery management implications
Oxygen and carbon stable isotope values in this study have shown distinct location-specific isotope signatures which strongly Support the hypothesis of a multistock complex of goldband snapper across north-western Australia. This multi-stock complex persists through time and can be separated into a nurnber of distinct stocks or management units. These stocks are (1) Exrnouth, (2) Rankin Bank, (3) Broome, (4) Vulcan Shoals, (5) Timor Sea, (6) Arafura Sea, (?) Kupang (Indonesia) and (8) Pommern Bay (Papua New Guinea). Further subdivision may have been revealed with a more closely spaced sampling regime. While stocks are effectively isolated from each other, recruitment to each stock across north-western Australia may be derived from a common gene pool (if there is g n absence of significant genetic variation among stocks). Westward and southward directed movement of eggs and larvae is highly probable under the influence of the Indonesian Throughflow and the Leeuwin Current and therefore stocks may be well mixed in the genetic sense. The gene flow between goldband snapper populations across northern Australia is currently , being investigated (J. Ovenden et al. pers. comm.) .
A high probability of connectivity or intermixing during the egg and larval stages across a multi-stock complex of separate and distinct adult stocks implies that the size of the total adult spawning stock (i.e. the combined sum of each of the separate adult stocks) could impact recruitment. Thus, fishing on any one stock could impact fishing on any other stock, through subsequent recruitment (resulting from a reduced spawner biomass). ~o w e v e r , aireci: impacts of iishing on one stock should not affect adjacent stocks (or any fishing impact should be negligible).
Recruitment in fish stocks is inherently variable and usually depends on both the total spawner biomass and prevailing oceanographic conditions at the time of spawning. Consequently, one stock may produce relatively high recruitment one year or over a series of years, while another stock suffers from poor recruitment. If fish stocks suffer from localised depletion (removal of spawners and hence older age classes) and local recruitrnent is poor (no juveniles available in subsequent years), then the recovery of the stock wiU depend on the rate of supply of external recruits. Under these circumstances, it may be difficult for stocks to recover, and the recovery cycle may be on the order of decades in long iived fishes such as goldband snapper. Given the need for external recruitment in the replenishrnent of local depletion events and an initial adult stock structure which consists of at least 20+ age classes (e.g. ages 5 to at least 25), then a serious local depletion event would require a minimum of 20 yr for the stock to recover in terms of both spawner biomass and age structure.
Separation of stocks and the delineation of stock structure allows management units to be defined. The presence of a multi-stock complex of goldband snapper indicates that management can be applied separately to each of the stocks at the regional or location level along the north-western Austraiian coast. However, a more robust or cautionary approach to fisheries management is recommended whereby each state management agency should aim to maintain an adequate total spawner biomass within each fishable stock and avoid localised depletion events. This cautionary approach to management applies to both state-based management agencies within Australia and also to cross-border management agencies within Indonesia given the adjacent nature of fishing grounds in northern Australian waters.
